Objective To assess the feasibility of a mindfulness-based stress reduction (MBSR) program for adolescents with widespread chronic pain and other functional somatic symptoms and to make preliminary assessments of its clinical utility.
F
unctional somatic syndromes include conditions such as chronic fatigue syndrome, irritable bowel syndrome, fibromyalgia, chronic unexplained pain, and symptoms attributed to chronic Lyme disease. [1] [2] [3] [4] At least 13% of primary care visits are attributable to functional somatic syndromes. [5] [6] [7] These syndromes are prevalent, costly, and may be debilitating. 8 Patients with these syndromes often have psychiatric comorbidities, primarily anxiety or depression. [9] [10] [11] Many medical specialties have archetypal functional syndromes that may reflect similar underlying pathophysiology. Patients seen by different medical subspecialists often are labeled as having certain functional syndromes associated with the subspecialty (eg, irritable bowel syndrome for gastroenterologists; fibromyalgia for rheumatologists), but the syndromes may actually be more similar than they are different. 12, 13 Many functional somatic syndromes are associated with dysfunctional central nervous system processing 14, 15 and may persist: 85% of patients with juvenile fibromyalgia continue to have symptoms into adulthood, and 50% of these patients meet diagnostic criteria for fibromyalgia. 16 Children with unexplained recurrent abdominal pain are at increased risk of developing fibromyalgia. 17 As is true of many conditions that tend to be resistant to conventional treatments, patients with functional somatic syndromes often seek therapies outside of mainstream care. [18] [19] [20] Among the more promising interventions for functional somatic syndromes are mind-body therapies that can address both psychological and somatic symptoms. 21 Furthermore, nonpharmacologic interventions are 
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especially appealing in light of risks of adverse effects of psychotropic medications and analgesics, the stigma of being "medicated," and the effect of the intervention on the central nervous system. [22] [23] [24] Mindfulness-based stress reduction (MBSR) involves meditation training, patient education, yoga exercises, and group support. [25] [26] [27] The standard 8-week MBSR curriculum for adults consists of weekly instructor-led group sessions (2.5 hours long with meditation practice, discussions, and skill-building activities), a full-day retreat, and 45-60 minutes of practice daily. 25, 27 Clinical trials in adults have shown that various forms of mindfulness meditation result in improvement in pain, physical function, anxiety, and depression. [28] [29] [30] [31] [32] There are also data that support the use of MBSR in children and adolescents both for reducing perceived stress and for improving psychological health. 33 In this pilot study, we assessed the feasibility of an MBSR program for adolescents with widespread chronic pain and other persistent somatic symptoms and made preliminary assessments of its clinical utility.
Methods
Almost all subjects were 12-18 years of age (one 10-year old participated) and had symptoms consistent with fibromyalgia, chronic fatigue, musculoskeletal pain, headache, abdominal pain-related bowel dysfunction, perceived cognitive impairment, or other nonspecific symptoms that had been present for ≥3 months, were associated with some degree of disability (eg, missing school), and were not attributable to an organic medical disorder despite adequate evaluation (ClinicalTrials.gov: NCT02190474).
Potential subjects were excluded if they had a chronic autoimmune or inflammatory condition, had a serious illness within 90 days of enrollment, used opioid analgesics, or screened positive on the Columbia-Suicide Severity Rating Scale at enrollment. Written informed consent/assent was obtained from parents and subjects. All subjects received $200 for participation. The study was approved by the Human Investigation Committee of Yale University.
Subjects attended weekly 1.5-hour group sessions for 8 weeks and one 4-hour retreat, all led by an experienced MBSR instructor. Assignments were 15-to 20-minute guided (step-bystep) daily home practice with the use of audio recordings from the instructor. We condensed the standard adult MBSR protocol but retained core curricular elements while modifying it to be both developmentally appropriate and logistically feasible for adolescents. Subjects were assessed at baseline, at 8 weeks (at the end of the MBSR program), and at 12 weeks. Subjects received a daily text message via a secure mobile data broadcast service (callfire.com) to remind them to record minutes of home practice (if any) and to minimize recall bias. Parents of subjects were encouraged, but not required, to participate in a concurrent parent group to encourage familiarity with the MBSR program. The parent groups listened to the weekly audio recordings of guided meditations given to study subjects and were instructed not to encourage nor to formally practice MBSR with their children.
Measures
Measures included the Functional Disability Inventory (FDI), which assesses physical and functional impairment in adolescents with chronic pain. 34, 35 Scores range from 0 to 60, with greater scores indicating greater functional disability, and can be categorized as no/minimal (0-12), moderate (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) , or severe (>30) disability. 34, 36 A 7.8-point change in the FDI has been determined empirically to be the minimal clinically important difference in adolescents. 37 We used the Fibromyalgia Impact Questionnaire-Revised (FIQR) for subjects who met diagnostic criteria for fibromyalgia (n = 7) and the analogue Symptom Impact QuestionnaireRevised (SIQR) for subjects who did not meet diagnostic criteria for fibromyalgia (n = 8). 38, 39 A 14% change in the FIQR has been determined empirically as a minimal clinically important difference in adults. 40 The FDI and FIQR/SIQR were our primary measures.
We assessed health-related quality of life with the Pediatric Quality of Life Inventory (PedsQL) 4.0 adolescent form. 41 We also used the Child and Adolescent Mindfulness Measure, a 10-item questionnaire assessing mindfulness skills. 42 Child and Adolescent Mindfulness Measure scores are correlated positively with quality of life, academic competence, and social skills and correlated negatively with somatic complaints, internalizing symptoms, and externalizing behavior problems. We assessed subjects' stress with the Perceived Stress Scale (PSS), 43 a 14-item scale that assesses perceived stress of life situations in adolescents 44 and adults and has well-established validity in relation to physiological stress responses 45 and anxiety and depressive disorders. 46 We assessed anxiety with the Multidimensional Anxiety Scale for Children, Second Edition (MASC2), 47 consisting of 50 items distributed across 6 domains: Physical Symptoms, Social Anxiety, Harm Avoidance, Separation Anxiety/Phobias, Generalized Anxiety, and ObsessiveCompulsive symptoms. 48 Parents completed parent versions of the MASC2 and PedsQL.
Qualitative Interviews
We interviewed each subject-parent dyad together after the 8-week session in a semistructured, open-ended manner. These 15-to 20-minute interviews explored 3 broad areas: the feasibility and practicality of meeting weekly for 8 weeks (eg, participating during the school year); the structure and content of the MBSR course (eg, age-appropriateness of instructions, class size and length, feasibility of home practice); and perspectives on clinical and psychosocial benefits realized through mindfulness practice. Interviews conducted by 2 investigators were audio recorded and transcribed verbatim (Transcription Plus, LLC, Bristol, Connecticut). Data analysis followed the constant comparative approach. 49 After each cohort, the transcripts were reviewed, and emerging themes in the data were identified.
Statistical Analyses
Because of the relatively small sample size and the potential for underlying non-normality of the results, differences in distributions between baseline and week 8 and between Volume 183 • April 2017
baseline and week 12 were tested for significance with Wilcoxon matched-pairs signed-rank tests. We also conducted matchedpair t tests of the difference in means for each measure in each group. All analyses were conducted with Stata (Version 14.1; StataCorp, College Station, Texas). The level of statistical significance was set at .05 (2 sided).
Results
Three cohorts (4-7 subjects in each group) enrolled between January and November 2015: cohort 1 (January-March 2015, n = 7); cohort 2 (April-June 2015; n = 4); and cohort 3 (September-November 2015, n = 4). Of the 22 potential subjects who were screened, 21 met eligibility criteria. Of the 21, 3 were invited to enroll in the program but declined (1 of the 3 had a scheduling conflict). Three subjects withdrew before completing all sessions. One subject (a 15-year-old girl) withdrew after 6 weeks of MBSR because she was hospitalized for depression, a diagnosis that preceded enrollment in the study. Another subject (a 12-year-old boy) dropped out after one session; his mother did not return phone calls, so we do not know why he dropped out. The mother of the third subject (a 12-year-old boy) reported that his symptoms resolved after he was treated for a supposed infection with an intestinal parasite.
Ages of the 15 who participated ranged from 10 to 18 years (median: 14); 11 were female. The most commonly reported symptoms included chronic widespread pain/fibromyalgia (n = 7), fatigue (n = 6), and other musculoskeletal pain/ arthralgia (n = 6). Subjects were referred by community and university clinicians and through announcements in regional newsmagazines. Characteristics of the subjects are shown in Table I .
Results are shown in Table II . There were no missing data. After the subjects completed the MBSR program, scores on the FDI, FIQR/SIQR, MASC2, and PSS improved in 13 of 15 (87%), 12 of 15 (80%), 12 of 15 (80%), and 9 of 15 (60%) subjects, respectively. Nine of 15 (60%) subjects and 8 of 15 (53%) parents reported improvement on the PedsQL. There were statistically significant pre-post differences in mean scores of the FDI (33% improvement, P = .026), the FIQR/SIQR (26% improvement, P = .03), and MASC2 (child: 12% improvement, P = .02; parent: 17% improvement, P = .03) when Wilcoxon matched-pairs signed-rank tests were used. The changes were also statistically significant (P < .05) in matched-pairs t test analyses. Differences in MASC2 scores remained statistically significant at 12 weeks (compared with baseline) for both child (P = .047) and parent reports (P = .004). There were statistically significant changes in the PSS at 12 weeks (P = .01) but not at 8 weeks (P = .27). Similarly, PedsQL scores improved more at 12 weeks (child: mean improvement of 5.4 points, parent: mean improvement of 9.2 points) than at 8 weeks (child: mean improvement of 4.6 points, parent: mean improvement of 1.0 points), although none of these differences was statistically significant. Six of the 15 subjects (40%) had clinically important (>7.8 point) improvements in the FDI, and 9 of 15 (60%) subjects had clinically important (>14%) improvements in the FIQR/SIQR. Adjunct groups for parents were available for 2 of the 3 cohorts. Participation of parents was inconsistent: a parent attended a session 66% of the time.
Home Practice
Only one subject reported not doing any home practice. Subjects reported a median of 434 minutes (range = 0-1736 minutes) of formal practice. It appeared that the amount of home practice was associated with improvement. In a mediansplit analysis, subjects with greater amounts of home practice over 8 weeks (top 50% of sample) had 44% improvements in FDI scores and 26% improvements in FIQR/SIQR scores. Subjects with lower amounts of home practice (bottom 50% of sample) had 4% improvements in FDI scores and 9% worsening in the FIQR/SIQR (Figure) . There were no adverse effects attributed to MBSR.
Qualitative Analyses
Major themes were that mindfulness teachings had a positive impact on daily life, on pain and anxiety, and on social support. Sessions focused on the use of mindfulness teachings to help address somatic symptoms. One subject noted that MBSR training helped her reframe her symptoms into a more manageable pattern using a mindful awareness approach: "I used to look at them as one big problem and now I'm able to break it down. So instead of my entire body hurts, I can pinpoint it. I'd be like, 'Oh, my knee really hurts and my wrist really hurts' and then I can go about my day. Thinking about it that way, as opposed to 'my entire body hurts,' because when I think about it like that, I get really sluggish, and then I kind of drive myself into that mindset." One subject stated that the course"was nothing like I thought it would be, but in the best way possible. I never thought I would learn ways to actually minimize my pain and minimize some of my symptoms," and another subject declared,"I had no idea that that would be a way for someone with symptoms, like what the people in my group and myself had. . .I didn't think that would ever work and I didn't think it could be used to work in that way, so it was really cool. It's like a different way of dealing with something or helping to deal with something."
One mother discussed her son's school attendance: "I definitely saw a difference towards the. . .last few weeks. I saw a decrease in the talking and complaining about symptoms. . .prior to [the course] he went through this stretch of about 2 weeksthere was a pattern-at the end of the second week, he would start to talk about being really exhausted. Then the pain, a headache would accompany that, and then there would be 1-2 days out of school. That has lengthened to about 5-6 weeks. . . . So that's huge." One subject's comments set her apart from all the rest, when she said after completing the course, "I had a set way of thinking when I came in, and I still have that set way of thinking coming out of it." She continued that she was "forced to" attend the program by her mother. She refused all home practice, and did not feel that mindfulness training affected her life.
The ability to self-regulate and use mindfulness techniques in daily life helped with pain and anxiety symptoms: "It [MBSR] just makes me focus on what I'm doing so I'm not like all over the place, and I'm not focusing all on my pain." Another subject stated, "The symptoms would come and I would practice or if it was in school. . .I would just focus on my breath and then it wouldn't be completely gone, but it would decrease in annoyingness."
One subject found the yoga aspect of the program particularly helpful: "I had stopped snowboarding for four years because I thought I couldn't do it anymore, and recently I actually got to go again, and I did the yoga before and afterwards, and it was the first time in a long, long time that I was able to do something I liked in a sport without feeling insane amount of pain afterwards."
One mother noted that the time commitment was a potential barrier, but symptomatic relief made the program worthwhile. Describing her daughter's response, she noted, "I think she found it very helpful because, like for the very first class, she was very hesitant to go. And I think it was like the second or third class, and she was still giving me a hard time about going, and I told her she had the option not to go anymore. . .. and she said, 'But it's helping my joint pain.' So. . .she hasn't given me a problem of going since." Figure. In a median-split analysis, subjects with greater amounts of home practice over 8 weeks (top 50% of sample) had 44% improvements in FDI scores and 26% improvements in FIQR/ SIQR scores. In contrast, subjects with lower amounts of home practice (bottom 50% of sample) had 4% improvements in FDI scores and 9% worsening in the FIQR/SIQR.
Subjects, parents, and investigators noted that the MBSR cohorts fostered a supportive group atmosphere. Subjects' regularly noted that they felt camaraderie during 8 weeks of weekly meetings with peers who shared similar health challenges: "I see I'm not the only one feeling the way I do, and people as young as me. . .have the same thing. Anne [the instructor] did an amazing job of gaining our trust in telling her story, and we all got to tell our stories, so we all got to know each other. It wasn't like a doctor experience that we're all so used to-like our doctor saying 'suck it up, it'll get better.'" Another subject noted, ". . .when we'd be asked questions, they could help me explain when I couldn't put into words. Like, they understood enough when I was talking about my situation." This subject's mother echoed this sentiment: "You can't truly understand what somebody with chronic health issues is going through unless you've gone through it or are close to somebody who's going through it, and to have this group, that even though they all had different specific issues they could all relate to the results of those issues, to the school issues and the friends and all of that, and so I think that was good mentally and emotionally for all the kids aside from the skills they learned."
Discussion
Our study demonstrates that it is feasible to recruit and to retain adolescents with serious functional somatic syndromes in an 8-week MBSR intervention and to collect these data, including a 12-week follow-up. The study also provides preliminary evidence that MBSR may be effective in improving functional disability, symptom impact, and anxiety.
In our sample of 15 subjects, 40% showed clinically meaningful change (>7.8 points) 37 on the FDI; 87% showed some improvement in the score. Although the magnitude of changes tended to diminish at 12 weeks, most quality of life scores continued to improve at 12 weeks. Subjects reported incorporating mindfulness practices into their daily lives as convenient and practical, outside the formal structure of the MBSR classes. Subjects also expressed positive feelings about group dynamics and a growing sense of cohesion and familiarity with others during the program.
Previous data support incorporating parents in psychological therapies that reduce pain in children with painful conditions. 50, 51 Parents who participated in the concurrent groups reported value in the sessions while learning to incorporate some aspects of mindfulness in their own lives. Parents reported that weekly participation served as a means of stress reduction in a supportive setting with other parents of children suffering from chronic symptoms, who often had schoolrelated difficulties (such as absenteeism and poor performance). Furthermore, our data demonstrate consistent changes in parent and child scores in anxiety (MASC2) and quality of life (PedsQL) measures. It is possible that parents' participation in the concurrent groups could have confounded the results, but the sporadic participation of the parents reduces the likelihood that this is a significant issue.
For adolescents with functional somatic pain syndromes, it is plausible that therapeutic approaches focusing on quality of life and symptomatic relief may be more relevant than trying to search for an elusive organic disease. Furthermore, measures of anxiety showed improvement, consistent with other recent studies showing an association between chronic pain, anxiety disorders, and behavioral interventions, as up to twothirds of children with chronic pain also may suffer from anxiety disorders. 23, 52 Functional somatic pain syndromes are common and often challenging to treat in children, and nonpharmacologic therapies often are desired. Kashikar-Zuck et al 53, 54 have demonstrated the efficacy of cognitive behavioral therapy (CBT) in adolescents with fibromyalgia. Despite the promise of CBT interventions in this population, there are many barriers to widespread implementation, because CBT often is delivered by doctoral-or masters-level psychologists in one-on-one office settings (though some group programs exist), so availability is limited. Furthermore, some insurers require that patients have a psychiatric diagnosis before they will pay for individual CBT, which may prevent adolescents (and parents) from getting psychological care. Cherkin et al 55 reported that outcomes of CBT and of MBSR were equivalent in adults with chronic low back pain.
Mindfulness meditation has received widespread media attention and has been incorporated into many corporate, healthcare, and community settings. More than 40 randomized controlled trials of mindfulness interventions (primarily MBSR) have been published for adult patients with a number of conditions, with the greatest effects reported for people with anxiety, depression, and chronic pain. 56 Neuroimaging studies of mindfulness meditation show neuroplastic changes in the function and structure of brain regions associated with regulation of emotion, attention, and self-awareness. 57 Mindfulness meditation can reduce circulating levels of interleukin-6, a marker of systemic inflammation. 58 Although many nonpharmacologic interventions to control pain involve the production of endogenous opioids, [59] [60] [61] recent evidence shows that mindfulness meditation can further reduce pain via nonopioid pathways. 62, 63 Despite the popularity of mindfulness meditation programs, there are limited data that support the use of mindfulness programs in children and adolescents. Sibinga et al 64 developed MBSR interventions for urban youth with HIV and for children in school-based settings 65 and demonstrated improvement in psychological functioning, including statistically significant benefits in anxiety and perceived stress, similar to our findings. Previous studies had trouble with recruitment and retention of children with chronic pain for mindfulness interventions. 66 The majority of subjects (83%) who started our MBSR program completed the program. In our interviews with subjects and parents, positive group dynamics, trust in the instructor, symptomatic relief, and a sense of belonging and empowerment were noted as contributing to our high rates of retention.
Limitations of our study include the small sample size and lack of a comparison group, as well as the reliance on THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 183 self-report instruments. The use of child and parent measures, however, was a strength, especially because anxiety and quality of life scores were consistent between parents and children. Furthermore, it is plausible that nonspecific effects such as being part of a group enhanced the specific effects of MBSR. Indeed, a recent meta-analysis found that nonspecific and contextual effects were responsible for 75% of treatment effects in clinical trials in patients with osteoarthritis. 67 To minimize recall bias, subjects received daily text message reminders to record amount of home practice. We doubt that these messages affected adherence to the home practice, because most subjects (80%) reported at least one full week without any home practice, despite having received the daily text reminders.
Other limitations were that the subjects were mostly white and middle class, which may have limited participation to those who had support for and means to attend 8 weekly sessions, often held at a considerable distance from their homes. Subjects tended to be from home environments with at least one involved parent who was proactive about seeking care for the child. Whether these findings can be translated to more diverse populations is unknown.
In conclusion, mindfulness mediation is an appealing and safe intervention that is feasible to deliver and was associated with clinically and statistically significant improvements in pain and functionality measures in this study. Chronic stress is associated with the development and exacerbation of functional somatic pain conditions. There are limited but promising data for both the feasibility of mindfulness-based interventions in children, as well as the promise of MBSR as a primary treatment for chronic pain conditions. Further randomized studies of MBSR in children, with appropriate controls, may provide more precise estimates of specific vs. nonspecific effects of MBSR and can further elucidate the place of mindfulness interventions in care plans for functional somatic syndromes in children. ■
